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Abstract: this doc introduce use case on Application of Differential Protection in Distribution Network of Smart Grid in TR 22.804.

5.6.x	Application of Differential Protection in Distribution Network of Smart Grid
5.6.x.1	Description
As the development of distributed plant connecting to smart grid, the fault characteristic of Distribution Power Network has been changed significantly. Traditional methods can’t fully meet the fault location and isolation need. Differential Protection (DP) has been widely used in HVAC system can be introduced to solve this problem. DP has, following advantages:  simple principle, high reliability, precise selection. 

Several DTUs compose the protection zone of DP. All DTUs exchange their current values information with their neighbours in a strict cyclic pattern. A timestamp is associated with each current value and indicates when the current value is sampled. If fault occurs out of the protection zone, differential current among all DTUs is almost zero. If fault is inside, differential current will exceeds thresholds, protection release, and the circuit breaker can cut off the circuit. So the fault is isolated. That is the principle of DP. Considering current is AC value that means sample value changes periodically. Synchronize is very important to make sure all DTUs sample at exactly the same time.

As illustrated in figure 1, in Distribution Network of Smart Grid, all DTUs (e.g. DTU1,2,3) are synchronized with its neighbouring DTUs within 10us to ensure that the current value was sampled exactly at the same time.   The current of the DTU is sampled 24 times within 20ms so that a cycle time of 0.833ms is required to exchange the sampled information. This is done in a strictly cyclic and deterministic manner. The message, containing sampled current value, voltage value and so on, is transmitted from one DTU to its neighbouring DTUs with an end-to-end latency of less than 15ms. The message size is approximately 250 bytes according to IEC 61850with a data rate of at least 2Mbps. 

Nowadays, the DP can be implemented based on cable transmission with high O&M load and high deployment cost. But in Distribution Network, a great quantity of stations is needed to achieve wide coverage, so it is not appropriate to implement DP. 
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Figure 1 DP implementation in Distribution Network of Smart Grid

5.6.x.2	Preconditions
DTU-1, DTU-2 and DTU-3are deployed and switched on in the Distribution Network of Smart grid. The current value of all DTUs are sampled according to the pre-defined period. 
5.6.x.3	Service flow：
1. DTU-2 sends its sampled current value to its neighbouring DTU1 and DTU3in a cyclic pattern. 
2. DTU-2 receives the sampled current value from DTU-1 and DTU3 in a cyclic pattern. 
3. DTU-2 calculates the difference between the current value simultaneously sampled by DTU1 and DTU2. 
The difference value between DTU1 and DTU2 exceeds a threshold, DTU-2 shuts down the circuit between DTU1 and DTU2.

DTU-2 calculates the difference between the current value simultaneously sampled by DTU3 and DTU2. 
The difference value between DTU3 and DTU2 doesn’t exceed the threshold, DTU-2 does nothing.

DTU1 and DTU3 do the same procedure as DTU2,  
5.6.x.4	Post-conditions:
The fault between DTU1 and DTU2 is isolated in time. 
5.6.x.5	Challenges to 5G system
Special challenges to the 5G system associated with this use case include the following aspects:
· Stringent requirements on end-to-end latency and jitter.
5.6.x.6	potential Requirements
	
	Requirement
	Application/Transport
	

	1
	The 5G system shall support a peer-to-peer data communication service with cyclic times in the order of 0.8ms 

NOTE: peer-to-peer means DTU to another DTU.
	A
	

	2
	The 5G system shall support a peer-to-peer data communication service with payload sizes of about 250 bytes.

NOTE: peer-to-peer means DTU to another DTU.
	T
	

	3
	The 5G system shall support an end-to-end latency of less than 15ms.

NOTE: here end-to-end means DTU to another DTU.
	T
	

	4
	The 5G system shall support a peer-to-peer data communication service with a jitter of less than 50% cyclic time.

NOTE: peer-to-peer means DTU to another DTU.
	T
	

	
	
	
	



